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Popular science summary 
 



















Temperature changes in the northern hemisphere Northerly	regions	of	the	world	are	experiencing	a	much	higher	rate	of	climate	warming	compared	 with	 the	 equator.	 The	 increase	 of	 temperature	 has	 been	 observed	 at	approximately	0.09	°C	per	decade	over	the	last	100	years,		with	larger	regional	variations	(IPCC,	2014).	It	is	predicted	that	the	increase	will	continue	over	the	course	of	the	twenty-first	century,		the	best	estimates	ranging	between		1.8	°C	to	4.0°C	per	decade,	depending	on	the	scenario	and	model	used	(IPCC,	2014).		
The	response	to	climate	change	 in	the	arctic	 tundra	 is	rapid	(IPCC,	2014).	Since	1978,	annual	 arctic	 temperatures	have	 increased	by	more	 than	2°C	 (Ciais	 et	 al.,	2013).	 Sites	around	 the	 tundra	biome	display	growing	evidence	 that	warming	 leads	 to	 changes	 in	vegetation	 communities	 	 (Grabowski	 et	 al.,	 2019).	 These	 changes	 include	 changes	 in	vegetation	composition	(Elmendorf	et	al.,	2012),	and	plant	phenology	(Post	et	al.,	2009)	and	more	recently	yet	unexplained	high	heterogeneity	in	vegetation	responses	(Myers-Smith	et	al.,	2015;	Prevéy	et	al.,	2019).	






Negative	 consequences	 on	 population	 persistence	 may	 ensue	 as	 a	 result	 from	 these	responses,	one	example	being	competition	between	alpine	plants	and	species	from	lower	elevations	migrating	northward.	Mountain	ranges	possess	a	large	proportion	of		species	endemic	to	lowland	areas,	so	this	could	result	in	critical	biodiversity	losses	in	areas	of	higher	 elevation	 due	 to	 species	 competition	 (Gloria,	 2020). Other	 factors	 such	 as	fragmentation	 (natural	 barriers	 such	 as	 steep	 mountains	 that	 limit	 seed	 dispersal;	Theurillat	&	Guisan,	2001)	and	plant/animal	 interactions	(e.g.	ecosystem	modification	through	herbivores’	selective	 feeding,	 thus	changing	vegetation	composition	over	time	;Motta,	1996)	can	also	play	a	significant	role	in	plant	species’	population	dynamics.			Another	 factor	 that	 should	 be	 considered	 in	 conjunction	with	 the	 effects	 grazing	 and	climate	change	is	genetic	diversity	(Crawford	&	Whitney,	2010).	High	genetic	diversity	will	increase	the	probability	of	a	species	to	both	colonize	new	habitats	and	resist	climate	change.	 Furthermore,	 there	 is	 indication	 of	 a	 link	 between	 genetic	 and	 ecological	diversity,	as	a	positive	correlation	often	exists	between	heterogeneity	and	overall	genetic	variation	across	occupied	habitats	(Theodoridis	et	al.,	2018).	As	a	consequence,	species	with	 high	 genetic	 diversity	 are	 more	 likely	 to	 cope	 with	 a	 broader	 set	 of	 climatic	conditions	 because	 they	 likely	 have	 a	 broader	 ecological	 niche	 than	 less	 genetically	diverse	species	(Theodoridis	et	al.,	2018).	






that	 is	 seen	 as	 both	 ecologically	 and	 economically	 sustainable	 as	 well	 as	 one	 that	continues	to	maintain	the	biodiversity	in	these	systems	(Austrheim	&	Eriksson,	2001).	Herbivory	effects	on	species	diversity	depends	on	several	factors,	namely	type	of	grazer,	grazing	intensity,		frequency	as	well	as	different	habitat	attributes,	such	as	productivity,	climate	and	evolutionary	history,		and	the	reginal	pool	of	potential	colonisers	also	factor	in	(Hobbs	&	Huenneke,	1992).		Natural	grazing	with	semi-domesticated	reindeer	and	sheep	generally	occurs	in	Alpine	ecosystems.	Yet	having	had	this	tradition	for	centuries,	the	long-term	effects	of	herbivory	across	the	northern	ecosystems	as	well	as	short	timescale	changes	in	plant	community	structure	have	been	understudied	and	there	is	little	data	to	support	many	hypotheses.	Particularly	scare	are	impacts	on	a	local	scale	in	successional	processes	which	result	in	a	regional	vegetation	mosaic	(Austrheim	&	Eriksson,	2001).	












because	of	 a	positive	 relationship	 that	 exists	between	shrub	growth	 in	 the	absence	of	herbivores	and	annual	mean	temperature	and	the	lack	of	relationships	in	grazing	plots.	Cheng	et	al.	(2011)	suggests	that	the	vegetational	response	to	grazing	pressure	becomes	questionable	 in	 the	 context	 of	 climatic	 variability	 because	 little	 is	 known	 about	 the	interactions	between	grazing	and	climate	warming.	These	two	factors	occur	on	numerous	spatial	and	temporal	scales,	thus	affecting	the	vegetation	differently,	making	it	difficult	to	assess	(Fuhlendorf	et	al.,	2001).	








The Faroe Islands In	the	middle	of	the	North	Atlantic	Ocean	lies	the	Faroe	Islands	archipelago,	composed	of	eighteen	isolated	islands	situated	between	Scotland	and	Iceland.	Belonging	to	Denmark,	but	have	held	own	home	rule	government	since	1948	(Danielsen	&	Agnarsson,	2018).	The	 islands	encompass	a	 total	area	of	1399	km²,	extending	113	km	from	the	North	to	South	 and	 75	 km	 from	 the	 East	 to	 West.	 	 The	 northern	 islands	 possess	 the	 highest	elevations,	reaching	nearly	890	m	above	sea	level	(Cappelen	&	Laursen,	1998).		The	 Gulf	 stream	 as	 well	 as	 the	 passage	 of	 frequent	 cyclones,	 greatly	 influences	 the	regional	climate.	They	arrive	from	the	south	and	west	depending	on	the	position	of	the	polar	frontal	zone.		This	results	in	a	humid,	unsettled	and	windy	climate	with	mild	winters	and	 cool	 summers,	 where	 the	 annual	 mean	 precipitation	 is	 around	 1500mm	 in	 the	lowlands	(Cappelen	&	Laursen,	1998).		On	the	mountaintop	(726	m	a.s.l)	the	mean	annual	temperature	is	a	mere	1.7°C.		February	is	the	coldest	month	with	a	mean	temperature	of	-2.0°C,	while	in	summer,	the	average	is	near	6.5°C,	most	notably	in	August	(Fosaa,	2015).	Being	located	in	the	North	Atlantic	current,	future	potential	vegetation	changes	become	more	 difficult	 to	 predict	 because	 of	 the	 uncertain	 future	 climate	 development	 in	 this	region	 (Fosaa,	 2003b).	 	 Some	 climate	 models	 for	 the	 21st	 century	 have	 predicted	 a	possible	weakening	of	the	North	Atlantic	current,	being	supported	by	some	observations.		Should	this	occur,	the	result	of	this	would	be	a	temperature	decrease	in	the	Faroes	rather	than	 an	 increase.	 Assessing	 the	 future	 vegetational	 changes	 of	 the	 Faroe	 Islands	 thus	requires	an	inclusion	of	both	warming	and	cooling	scenarios	(Fosaa,	2003b)	






of	 flowering	plants	and	27	pteridophytes	have	been	 recorded.	Of	 the	 flowering	plants	only	310	are	considered	indigenous.	There	are	30	species	which	have	become	naturalized	of	the	90	species	which	have	been	present	since	settlement.	The	other	60	exist	as	weeds	in	urban	areas	or	cultivated	lands	(Hannon	et	al	.	2001).	The	flora	on	the	islands	is	mostly	comprised	 of	 perennial	 herbaceous	 plants.	 A	 distinct	 vertical	 zonation	 exists	 in	 the	vegetation,	 cliff	 regions	 containing	 species	 such	 as	 	Angelica	 archangelica,	Cochlearia	
officinalis	and	Silene	dioica,	whereas	in	the	highest	altitudes,	flora	with	an	arctic	element	dominate	 together	with	 rushes	 (Juncaceae)	 (Hannon	 et	 al.,	 2001).	 Grasslands	 are	 the	dominating	vegetated	ecosystems	on	the	Faroe	Islands,	especially	 in	 the	 lowlands	and	mid-altitudes	allowing	sheep	access	to	nearly	every	terrain.	Consequently,	soil	erosion	is	common	as	a	result	of	intensive	grazing	that	leads	to	thin	topsoil	formation.	The	steep	mountains	on	the	islands	also	factor	into	the	increasing	bare	soil	(Fosaa,	2015).	The	Faroe	Islands	are	particularly	suitable	for	studying	the	effects	of	grazing	and	climate	change	as	long-term	studies	of	the	biotic	response	to	environmental	change	are	especially	well	suited	to	take	place	on	mountain	summits.	This	is	because	they	are	representations	of	a	natural	permanent	study	site	with	an	easy	relocation	over	time,	making	it	possible	to	record	reliable	time	series	(Steinbauer	et	al.,	2018).	Grazing	has	occurred	on	the	Faroe	Islands	for	more	than	a	thousand	years,	and	records	show	the	vegetational	changes	have	been	extreme	(Fosaa,	2015).		Due	to		genetic	and	demographic	factors,	intensive	grazing	can	heavily	impact	plant	populations	on	islands (Egelund,	Pertoldi,	&	Barfod,	2012).		The	only	untouched	vegetation	 that	 remains	now	occurs	 in	 clefts,	 raciness	or	on	 the	most	inaccessible	slopes	(Jóhansen,	1985).		As	mentioned	previously,	little	is	known	about	the	interactions	 between	 grazing	 and	 climate,	 therefore	 promoting	 this	 research	 on	 an	isolated	archipelago	with	 large	 future	climatic	uncertainty	where	other	environmental	stressors	contribute	to	the	effects	on	the	vegetation	is	crucial.	






include	 increased	 precipitation	 and	 cloudiness,	 and	 perhaps	 also	 windspeed	 (IPCC,	2014).		






Methods   
 
Study area The	mountain	of	Sornfelli	(62°04´N,	6°57´W)	at	600	m	a.s.l.	was	used	as	the	study	area,	located	on	the	on	the	island	of	Streymoy	in	the	central	region	of	the	Faroe	Islands.	Open	grass	land	as	well	as	Racomitrium	heath	vegetation	dominate	the	 area.	 Silene	 acaulis	 and	 Polygonum	
viviparum	 are	 the	most	 frequent	 herbs	 out	 of	the	25	species	of	vascular	plants	that	have	been	recorded	 on	 the	 from	 the	 site.	 Frequent	 noted	grasses	 include	 Agrostis	 capillaris,	 Agrostis	 canina,	 Festuca	 vivipara	 and	 Desampsia	
flexuosa.	 The	 only	 woody	 species,	 Salix	 herbacea,	 is	 also	 frequently	 observed	 (Fosaa,	2015).	Sheep	graze	the	whole	area,	about	45	ewes	per	km2	(Thorsteinsson,	2001),	as	well	as	hares	and	geese.		
The International Tundra Experiments (ITEX)  Warming	and	grazing	experiments	have	been	carried	out	on	the	Faroe	Islands	for	almost	two	decades.	For	this	project,	data	from	an	existing	monitoring	program	set	up	in	2001	on	the	mountain	Sornfelli	was	used.		ITEX	 is	 a	 collaborative	network	of	 researchers	with	 the	goal	 to	examine	 the	warming	impacts	on	tundra	ecosystems,	using	common	temperature	manipulation	(Photograph	2).	Specifically,	how	species	responses	vary	across	climatic	and	geographic	gradients	of	tundra	 ecosystems.	 The	 overall	 results	 from	 these	 experiments	 have	 predicted	 that	warming	will	cause	a	decline	in	biodiversity	in	tundra	ecosystems,	at	least	in	the	short	term	(Arft	et	al.,	1999).	Other	ITEX	experiments	show	that	responses	vary	among	species	and	 plant	 communities,	 indicative	 of	 community-warming	 interactions.	 More	importantly,	it	shows	the	possibility	of	great	variation	between	plant	species	and	their	ability	to	continue	in	a	positive	growth	response	long	term,		causing	shifts	in	their	relative	competitive	ability	(Baruah	et	al.,	2017).	This	master’s	project	was	carried	out	as	a	part	of	these	long-term	experiments.			
Figure 1, overview over monitoring set-up. Every plot is 










Digital plant identification I	developed	a	new	form	of	method	for	 this	project	using	high	resolution	photography.		Photos	taken	of	the	plots	every	summer	since	their	set	up	in	2001	were	used	for	plant	identification.	 A	 digital	 quadrat	 (5x5	 sub	 squares)	 was	 placed	 on	 every	 photograph	(Photograph	1	&	2).	Around	25	vascular	plant	species	have	been	registered	 in	the	area,	and	from	the	most	abundant	 plant	 species,	 nine	 species	 were	 selected	 to	 be	 identified	 within	 each	photograph.	This	was	done	not	only	because	of	plant	abundance,	but	also	as	the	chosen	
Photograph 2, replicate plot 1, without grazing 
treatment (2017) 
Photograph 1, replicate plot 10, Experimental 








Every	 photograph	was	manually	 inspected	 by	me	 only,	 to	 exclude	 an	 observer	 effect.	Plant	observations	were	made	through	identifying	specific	morphological	traits	of	each	species	visible	within	each	photograph.Each	species	was	counted	as	present	or	not	present	within	each	of	the	25	subplots	of	the	quadrat	(one	replicate	plot).	Species	richness	was	then	measured	for	each	treatment;	the	abundance	of	each	of	the	nine	species	being	counted	in	every	replicate	plot	for	each	of	the	three	treatments.	Lastly	the	total	vegetation	cover	was	estimated	in	percentage	for	each	replicate	plot.		For	this	project,	the	summers	of	the	years	2007	and	2017	were	chosen	for	comparison,	in	order	to	look	at	change	over	time,	as	e.g.	plants	can	be	slow	to	respond	to	external	stressors.		In	total	I	went	through	and	identified	nine	plant	species	in	52	photos,	thus	52	different	plots	 for	 this	study.	The	photograph	with	the	highest	quality	of	each	plots	was	 chosen	 to	 facilitate	plant	 identification.	However,	photo	resolution	between	pictures	from	the	years	2007	and	2017	varied	which	may	have	impacted	the	accuracy	of	some	species	identification.






was	species	frequency	(where	the	25	subplots	was	=100%)	while	the	predictor	variables	were	treatment	(grazed	or	ungrazed	and	OTC),	year	(2007	or	2017)	and	the	interaction	between	treatment	and	year.		The	response	variable	for	the	species	richness	was	the	total	number	of	species	occurrences	 in	each	plot	 for	each	treatment,	and	for	 the	vegetation	cover	it	was	an	estimation	ranging	from	0-100%.	The	predictor	variables	were	the	same	for	the	richness	and	cover	as	for	the	species	level	models.	A	standard	ANOVA	was	carried	out	for	the	diversity	measures	as	well.	In	total	there	were	22	analysis	of	variance	models	of	analysis	of	variance.	 	One	for	each	species,	as	well	as	richness	and	vegetation	cover,	both	for	Climate*Time	and	Grazing*Time.	
Results 
 







Diversity  Species	richness	was	highest	in	the	year	2017	for	all	treatments	(Figure	2).		It	did	not	vary	much	between	 the	grazed	and	non-grazed	 treatments	 for	 this	year,	most	plots	having	between	7-8	(out	of	9)	species	present,	while	the	warming	treatment	possessed	a	mean	of	6	species,	respectively.	Regarding	the	6	and	16	years	following	the	exclusion	of	grazing	and	the	experimental	warming,	community	diversity	was	lowest	in	2007.	The	warming	treatment	has	the	highest	number	of	species,	while	the	grazed	and	non-grazed	treatments	had	between	4	and	6.	None	of	 the	 three	 treatments	 contained	all	 test	 species,	 and	no	treatment	had	fewer	than	4	species.	
 
Figure 1, box plots with the effects of climate and grazing on vegetation cover.  
Figure 2, boxplot with the diversity results for all treatments. X-axis 
shows the plant species from 0-9 and y-axis shows the three 






Individual plant analysis  
 Tables	1	and	2	show	the	results	of	the	nine	plant	species	chosen	in	this	study.	The	six	species	showing	significant	results	(i.e.	increased	or	decreased	in	frequency	in	treatment	or	year	over	time)	have	been	highlighted	in	this	section	with	regards	to	the	effect	of	experimental	warming	in	the	Open	Top	Chambers	(OTC),	and	four	species	for	the	effect	of	grazing.		Although	the	species	Euphrasia	does	not	show	significant	results,	it	has	also	been	emphasized	in	this	section.		
  Treatment Year Treatment x Year 
  Estimate P- value Estimate P- value Estimate 
P-
value 
S. herbacea -7.4 0.10 2.44 0.58 -9.44 0.0405 
B. vivipara -6.38 0.12 13.67 0.0019 3.38 0.40 
Rumex a. -6.33 0.15 12.42 0.0082 -6.33 0.16 
S. acaulis 2.24 0.55 -3.70 0.32 -8.01 0.0388 
Festuca sp. 9.18 0.0147 4.56 0.20 1.93 0.59 
Agrostis sp. -0.93 0.84 6.59 0.17 -0.18 0.96 
Euphrasia  -0.44 0.62 1.77 0.05 -0.44 0.62 
A. maritima -0.02 0.83 -0.21 0.83 1.54 0.11 
R. acris 2.67 0.14 3.56 0.05 2.66 0.13 
Veg. cover 0.19 0.0002 0.094 0.05 -0.02 0.57 
S. richness -0.16    <0.0001 0.061 0.0006 -0.34 0.0411 
Table 1, Results for the effects of warming on 9 plant species. Red colour indicates significance in results, and orange indicates 
a result close to being significant.  
  Treatment Year Treatment x Year 
  Estimate P -value Estimate P-value Estimate P-value 
S. herbacea 3.44 0.38 7.33 0.06 -4.56 0.24 
B. vivipara -0.73 0.82 15.57      <.0001  -1.48 0.66 
Rumex a. -2.18 0.54 21.82      <.0001 3.06 0.39 
S.acaulis 12.63 0.0261 5.44 0.32 1.13 0.83 
Festuca sp. -2.70 0.53 2.68 0.52 0.04 0.99 
Agrostis sp. -2.76 0.52 5.76 0.18 -1.01 0.81 
Euphrasia -1.11 0.14 1.11 0.01 -1.11 0.14 
A.maritima -2.041 0.05 2.62 0.0137 -1.29 0.20 
R. acris -0.11 0.78 0.78 0.06 -0.11 0.78 
Veg. cover -0.02 0.69 0.08 0.17 0.03 0.54 
S. richness -0.12 0.03 0.89    <0.0001 0.06 0.60 
Table 2, Results for the effects of grazing on 9 plant species. Red colour indicates significance in results, and orange indicates 
a result close to being significant.  
	










The effects of climate and grazing 
	
Salix	herbacea		The	overall	occurrence	frequency	of	the	species	S.	herbacea	was	high	(Figure	3,	A).	The	non-grazed	treatment	had	the	highest	frequency	and	increased	the	most	over	the	10-year	period.	Furthermore,	 the	species	showed	a	significance	 in	 the	 interaction	between	the	warming	treatment	and	year	(Table	1),	 as	well	as	a	decrease	 in	cover	 in	 the	warming	treatments	from	2007-2017.	
Festuca	Sp.	For	all	treatments,	the	Festuca	species	was	reasonably	high	in	abundance	within	all	the	plots.	 	 (Figure	 3,	 B).	 A	 low	p-value	 (Table	 1)	 indicated	 a	 significance	 in	 the	warming	treatment,	showing	an	increase	in	cover,	as	well	as	has	the	highest	frequency	for	both	years.	This	is	compared	to	the	other	two	treatments	where	the	species	had	not	increased	over	the	10-year	period.		
	
	
Figure 3, Box plots with the effect of climate on six species, S. herbacea, Festuca sp, B. vivipara, Rumex acetosa, S. acaulis and 
R.acris. The control plots the same plots as the non-grazing plots for the grazing analysis. The x-axis shows the frequency (0-25) 








Bistorta	vivipara	All	 treatments	 had	 approximately	 the	 same	 occurrence	 frequencies,	 particularly	 non-grazed	 and	 grazed	 treatments	 differing	 only	 slightly	 for	 the	 year	 2007.	 There	 was	however	a	 large	 increase	between	years	 in	every	treatment,	with	2017	having	highest	increase	 (Figure	 3,	 C).	 The	 analysis	 produced	 a	 very	 low	 p-value,	 thus	 indicating	significance	in	the	year	2007	(Table	1	&	2),	meaning	species	increased	over	time	and	were	present	in	more	sub	squares	in	2017	than	2007.		However,	there	was	not	much	difference	in	the	treatments	between	the	years.			For	 comparing	grazing	effects,	 there	was	an	 increase	 in	 species	 frequency	 in	both	the	grazed	and	not	grazed	treatments	over	the	10-year	period	(Figure	4,	A).	Table	2	shows	that	on	average,	the	species	was	present	in	15%	more	squares	in	2017	than	2007.	
Rumex	acetosa.	There	 was	 a	 frequency	 of	 occurrence	 increase	 within	 the	 warming	 and	 the	 control	treatments,	with	a	significantly	higher	increase	in	the	control	treatment	from	2007-2017.	The	 species	 showed	 significance	 in	 the	 year	 in	 the	 experimental	 warming	 treatment	(Table	1),	although	the	frequency	remained	low	for	2007	and	2017	inside	the	warming	treatment	(Figure	3,	D).		The	species	also	showed	a	significance	in	the	year	2007	(Table	2),	meaning	that	for	the	year	2007,	the	grazed	treatments	possessed	a	low	frequency	of	
Rumex	 acetosa,	 but	 a	 large	 increase	 in	 occurred	 in	 2017,	 both	 for	 the	 no	grazing	 and	grazed	 treatments	 (Figure	 4,	 B).	 The	 species	 was	 on	 average	 present	 in	 22%	 more	squares	in	2017	than	2007	(Table	2).	











Armeria	maritima		This	 species	 was	 found	 within	 the	 grazed	 treatments,	 although	 the	 overall	 count	 of	species	was	low	(Figure	5,	B),	as	there	was	only	an	increase	of	on	average	2,6%	squares	in	2017	compared	to	2007,	The	species	was	not	found	in	the	treatment	without	grazing	in	2007,	but	in	2017	there	was	low	frequency	of	occurrence	within	this	treatment.			
Euphrasia	This	species	was	only	found	in	the	year	2017,	and	only	in	the	no	grazed	and	warming	treatments	 (Figure	 5,	 A).	 The	 overall	 frequency	 of	 occurrence	 was	 very	 low	 for	 this	species.	
	
	







Discussion  The	 increase	 in	 plant	 species	 richness	 has	 accelerated	 on	 mountain	 summits	 across	Europe		during	the	past	decade	as	a	result	of	climate	change	(Steinbauer	et	al.,	2018).	This	means	 that	 there	has	been	 five	 times	as	much	species	enrichment	between	2007	and	2016	 as	 fifty	 years	 ago,	 and	 summits	 have	 gained	 on	 average	 5.4	 additional	 species	(Steinbauer	et	al.,	2018).	These	findings	align	with	shorter	term	studies	that	demonstrate	plant	 community	 thermophilization	 (Gottfried	 et	 al.,	 2012),	 meaning	 that	 shifts	 in	distributions	are	driven	by	warming	(Alstad	et	al.,	2016).		In	this	study,	there	was	an	overall	trend	of	many	species	increasing	their	frequency	of	occurrence	over	the	10-year	period.	In	other	words,	most	of	the	plant	species	examined	had	 a	 higher	 rate	 of	 growth	 compared	 with	 the	 amount	 of	 grazing	 which	 they	 were	subjected	 to	 over	 the	 10-year	 period,	 slightly	 increasing	 in	 cover	 from	2007	 to	 2017.	These	are	surprising	results	considering	the	intensity	of	grazing	occurring	on	the	Faroe	Islands,	for	which	it	was	hypothesized	several	more	species	would	respond	negatively	(i.e.	decrease	 in	abundance	over	time)	to	grazing.	There	 is	no	new	research	that	deals	with	the	effects	of	herbivory	on	plant	diversity	in	the	Faroe	Islands,	but	similar	studies	conducted	 in	 other	 global	 regions	 state	 that	 natural	 grazing	 is	 beneficial	 for	 plant	diversity	but	at	heavy	amounts	result	in	a	diversity	decline	(Olff	&	Ritchie,	1998b).	These	findings	 concur	with	observations	made	of	 the	Faroese	vegetation;	 there	 is	no	 strong	indication	that	the	plant	diversity	is	high	in	more	elevated	altitudes	where	grazing	sheep	are	abundant,	the	dominant	vegetation	in	these	areas	being	the	before	mentioned	grasses	






(Fosaa,	2003a).	There	appears	however	to	be	a	clear	difference	between	the	vegetation	diversity	between	the	urban	areas	that	have	somewhat	excluded	grazers	and	the	outer	terrains	where	the	sheep	have	easy	access	to.	Research		also	suggests	that	the	so	called	“natural”	 vegetation	 now	 only	 exists	 in	 the	 inaccessible	 places	 on	 the	 Faroes	 (Fosaa,	2001).		Another	possible	reason	for	the	frequency	increase	could	be	that	the	Faroe	Islands	have	experienced	a	much	higher	grazing	pressure	 in	 the	past,	 and	what	 is	now	being	observed	 in	 this	 study	 is	 a	 long-term	 recovery	 from	 this	 historically	 higher	 grazing	pressure.	 One	 species	 that	 was	 clearly	 affected	 by	 grazing	 in	 this	 study	 however,	
Euphrasia,	was	not	present	in	2007,	colonizing	only	the	non-grazed	plots	during	the	10-year	study.	Several	plant	species	showed	significant	responses	to	warming	and	grazing.	As	sample	size	was	rather	small,	this	gave	a	very	clear	outcome.	A	low	statistical	power	was	used,	which	resulted	in	lower	chances	for	significant	results.	If	the	p-	value	threshold	was	set	at	 10%	 rather	 than	 5%,	more	 significant	 results	 in	 treatments,	 years,	 and	 interaction	between	 the	 two	 could	 have	 been	 expected	 for	 several	 more	 plant	 species.	 A	 larger	sample	size	would	presumably	also	have	included	several	more	occurrences	of	species	not	abundant	in	this	study.	 	There	was	also	a	possibility	that	some	individuals	had	not	been	observed	in	the	2007	photos,	due	to	the	lower	resolution	quality	of	the	photographs.	Together	these	factors	may	have	had	an	overall	influence	in	the	results	of	this	study.	






Species-level responses  
Salix	 herbacea	 showed	 a	 negative	 response	 to	 climate	 warming.	 	 A	 study	 by	 Fosaa	(2003b)	argues	that	species	which	are	limited	in	distribution	to	the	uppermost	mountain	parts	 will	 be	 most	 threatened	 by	 summer	 temperatures.	 These	 species	 include	 S.	












experimental	warming.	 It	 does	 not	 seem	 to	 be	 affected	 by	 any	 applied	 stress	 factors.	However,	the	OTCs	were	completely	vegetated	in	2017,	suggestive	that	small	OTCs	can	only	be	used	for	certain	periods	of	time	before	they	should	be	“reset”.	When	the	OTCs	are	overgrown	by	vegetation,	it	limits	the	degree	to	which	results	can	be	interpreted.			Auffret	 et	 al.	 (2018)	 state	 that	 specialist	 flora	 are	 significantly	 more	 affected	 than	generalists	after	the	loss	of	open,	semi-	natural	grasslands	habitats.	The	remaining	plant	species	in	this	study	that	did	not	show	any	notable	responses	to	grazing	nor	climate	could	as	a	result	potentially	be	considered	generalists.		For	example,	Agrostis	sp	is	one	of	the	most	common	grass	species	in	the	Faroe	Islands,	with	a	high	reproductive	and	dispersal	rate	(Jóhansen	et	al.,	2000).	It	also	possesses	a	broad	distributional	range	as	well	and	can	therefore	be	considered	as	a	generalist	species,	compared	to	S.	herbacea	and	B.	vivipara	which	are	limited	in	their	distribution	range	(i.e.	more	specialised).		Although	Agrostis	sp.	did	not	show	any	significant	results	in	this	study,	the	species	has	demonstrated	a	variety	of	responses	in	other	studies.	Some	have	found	the	abundance	and	cover	to	decrease	with	grazing	intensity	(Magnússon	&	Magnússon,	1990)	while	other	have	shown	the	grass	to	increase	when	herbivores	are	removed	(Hartley	&	Mitchell,	2005).	A	study	by	Fosaa	&	Olsen		(2007)	who	used	the	same	study	site	as	in	the	present	experiment	showed	that	
Agrostis	canina	and	Agrostis	capillaris	differed	in	their	responses,	and	concluded	that	a	decrease	of	Agrostis	capillaris		was	due	to	it	having	higher	nutrient	requirements	than	its	competitor.	Excluding	herbivores	had	had	an	unintended	 impact;	 it	had	eliminated	an	important	 nutrient	 resource,	 namely	 sheep	 urine	 and	 dung,	 which	 could	 make	 one	species	 more	 vulnerable	 than	 the	 other.	 	 Thus,	 nutrient	 availability	 should	 also	 be	included	 as	 an	 important	 factor	 in	 future	 experimental	 monitoring	 studies.	 In	 this	experiment	 it	 was	 not	 possible	 to	 distinguish	 grass	 species	 with	 certainty	 in	 the	photographs,	which	was	one	downside	of	using	a	photograph-dependent	method.		


















plants	 is	 slow.	 Therefore,	 results	 could	 suggest	 an	 increase,	 but	 over	 the	 time,	 fewer	species	will	be	able	to	persist.			
 






influencing,	such	as	 the	small	 islands	sizes.	Furthermore,	 there	 is	a	suspicion	that	 low	pollinator	 populations	 further	 contribute	 to	 the	 low	 genetic	 diversity	 in	 the	 plant	populations,	 resulting	 in	 a	 reliance	 on	 clonal	 reproduction.	 As	 a	 genetically	 diverse	species	 should	 be	 able	 to	 better	 cope	with	 a	 broader	 climate	 conditions	 in	 the	 future	(Theodoridis	et	al.,	2018),	the	plant	diversity	in	the	Faroe	Islands	can	thus	be	expected	to	be	 extremely	 vulnerable	 to	 a	 rapid	 changing	 climate,	 and	 a	 large	 decline	 in	 species	diversity	could	be	expected	to	happen	on	the	islands	in	the	future.	
Future species competition and conservation measures For	the	species	in	this	study	that	showed	negative	response	to	climate	warming,	namely,	
S.	herbacea	competition	could	be	a	reinforcing	factor	to	the	species	decline.	Diversity	was	lower	in	 the	warming	plots	while	vegetational	cover	was	high,	which	presumably	also	contributed	to	the	decrease	of	plant	occurrences	within	the	warming	treatments.	Taking	these	environmental	stressors	into	consideration,	is	can	be	assumed	that	this	will	also	result	 in	a	diversity	decrease	 in	a	 future	with	a	warmer	climate.	 If	plant	species	move	upward	competition	will	increase	(as	seen	in	the	warming	treatment),	leading	to	further	decreases	in	species	diversity.		Because	S.	herbacea	is	one	of	the	only	woody	species	found	in	 abundance	 on	 the	 Faroese	 mountains,	 it	 can	 be	 expected	 that	 the	 extinction	 of	 S.	
herbacea	 would	 have	 dramatic	 consequences	 for	 the	 overall	 vegetation	 on	 the	 Faroe	Islands	and	should	therefore	be	included	in	conservation	measures.	The	presence	of	trees	species	 is	 known	 to	 reduce	 soil	 erosion	 through	 root	 stabilization	 because	 of	 their	relatively	deep	and	extensive	root	systems	(Hacisalihoglu,	2007).		Conservation	efforts	should	 thus	 have	 an	 emphasis	 on	 more	 woody	 species,	 like	 S.	 herbacea	 since	enhancements	 in	 productivity	 and	 growth	 are	 expected	 from	woody	 plants	 in	 future	climate	warming	scenarios	(Egelund	et	al.,	2012).	Promoting	S.	herbacea	could	prevent	erosion,	lead	to	increased	habitat	heterogeneity,	and	improve	resilience	and	diversity	of	plant	communities	of	the	Faroe	Islands	(Egelund	et	al.,	2012).	






It	has	been	suggested	that	species	rich	plant	communities	are	more	resilient	or	resistant	to	 disturbance	 (Mulder,	 1999).	 Since	 there	 is	no	 doubt	 that	 the	overall	 Faroese	 plant	diversity	has	decreased	over	the	years	as	a	result	of	heavy	grazing	(Jóhansen,	1985),	it	can	be	hypothesized	that	a	further	decreases	in	diversity	over	time	will	lead	to		a	decrease	plant	 populations	 resilience.	 Several	 plant	 species	 now	 currently	 considered	 as	 rare,	and/or	only	found	on	cliff	sides,	where	sheep	do	not	have	access	to	(Jóhansen,	1985).	To	emphasize	 an	 earlier	 statement,	 continuing	 this	monitoring	 study	 into	 the	 future	will	unquestionably	show	results	that	differ	from	the	short-term	results.			






in	 the	 absence	 of	 grazing.	 To	 be	 able	 to	 study	 the	 interactive	 effects	 of	warming	 and	grazing	explicitly,	a	solution	setting	up	OTCs	that	can	tolerate	the	presence	of	grazers	should	be	found	and	implemented	into	future	studies.			
Conclusion  Although	the	Faroe	Islands	are	heavily	grazed,	this	study	found	that	several	plant	species	are	not	affected	by	grazing	with	regards	to	relative	abundance,	the	possible	reasons	being	manifold.	One	 is	 that	 the	plant	 species	have	adapted	 to	withstand	a	 certain	degree	of	grazing	 since	 they	 have	 coexisted	 with	 sheep	 on	 the	 islands	 for	 centuries.	 Another	possibility	is	the	plant	community	is	recovering	from	an	earlier	period	with	hypothesized	much	higher	grazing	pressures,	leading	to	treatments	responding	with	increased	cover	over	time.	Therefore,	the	more	likely	explanation	is	that	the	observed	results	after	a	10-	years	display	only	show	the	short-term	plant	responses	which	may	differ	substantially	over	a	longer	period.	The	 experimental	 warming	 treatments	 also	 gave	 some	 interesting	 results	 in	 that	 S.	
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